Introduction
The use of carbon-based materials for plasma-facing components (pfc) in fusion devices is connected to the appearance of chemical erosion, followed by carbon migration and deposition. The main chamber has been identified as one of the main sources of eroded carbon, and marker experiments indicated a stepwise transport of carbon towards the deposition-dominated inner divertor [1] . The outer divertor often exhibits balanced erosion/deposition, though net erosion has been observed in some devices [2] . The experimental determination of carbon fluxes -atomic and molecular ones-is crucial for the understanding of migration and verification of erosion/deposition codes [3] which are used for predictions of erosion and tritium co-deposition in the ITER divertor.
Passive emission spectroscopy has access to fluxes Γ C of carbon in different ionisation states as well as of molecular fragments of hydrocarbons, in particular CH and C 2 rad- can be described as a function of ion energy, ion flux and surface temperature [4] , though uncertainties with respect, among others, to data interpretation, higher hydrocarbons and extrapolation to detached plasma regimes exist.
Essential for the Y chem C
is the quantification of Γ chem C which is made with the aid of photon fluxes φ of hydrocarbon break-up products and effective photon efficiencies. This indirect conversion includes the dissociation chain and has been identified as a critical issue.
In-situ calibration with injection of hydrocarbons takes into account local conditions like plasma parameters, surface properties and geometry. Spectroscopy is used to determine particle fluxes in fusion devices [5] . Photon fluxes are converted into particle fluxes with the aid of inverse photon efficiencies, or so-called S/XB or D/XB values. There S stands for the ionisation rate coefficient of an atom, D for the decay rate coefficient of a molecule which represents its "loss" by either dissociation or ionisation, and XB is the excitation rate coefficient of the observed transition weighted with the branching ratio for a given set of electron density n e and temperature T e . , the flux ratio of chemically eroded carbon to the impinging hydrogen, is needed to distinguish between these processes. The recycling flux Γ D [7] is assumed to be equivalent to the impinging ion flux.
Photon fluxes and effective photon efficiencies for hydrocarbons
The carbon flux Γ chem C originates from molecules of the methane (CH x with x ≤ 4), the ethane (C 2 H y with y ≤ 6) and the propane family (C 3 H z with z ≤ 8) and is given by
+ .... The initial hydrocarbon as well as the main part of molecular ions or radicals built up along the complex destruction path [8] in the plasma cannot be detected by emission spectroscopy. Only CH , CH + and C 2 can be observed; the CH Gerö band, main representative for CH x , the C 2 Swan band, representative for C 2 H y , and the CH + Douglas-Herzberg band are the main recorded transitions in fusionrelated plasmas [9] . Effective D/XB values include the dissociation chain for given plasma parameters [10] . For CH x and C 2 H y the important ones are: Fig.1 shows examples of spectra and simulations for the Gerö and the Douglas-Herzberg bands. Reduced spectral ranges are chosen to cover a contamination-free representative portion of the band. Different spectral ranges for CH are in use: 430.0-431.5nm at TEX-TOR [10] , ASDEX Upgrade [11] and JT-60U [12] , 427.0-431.5nm at DIII-D [13] , and 427. .5nm at JET [14] . Data presented here is normalised to the full range with the aid of expansion factors f (T rot ) [10, 11] except where other indications are made.
Experimental realisation of injection experiments
Apart from JET, where a multiple injection through toroidally circumferential gas inlets is performed [14] , all other experiments are done with single injections. In the case of circumferential injection, a toroidally homogeneous distribution of the injected gas
) in the observation volume is assumed. The edge plasma is disturbed and reference discharges are necessary to take changes in the hydrocarbon source strength into account. Experimentally determined quantities are averages over large areas.
In the case of single gas injections (0.5 − 15 · 10 18 part. s ) minimised perturbation of the local plasma parameters at a representative location is assumed. The observation volume has to be chosen large enough to ensure that all photons induced by the gas injection are detected. Transfer to other locations might be affected by uncertainties [15] . At ASDEX Upgrade [16] and DIII-D [17] the gas injection systems, discussed here, are integral part of the outer divertor and thus embedded in carbon-based target plates. The porous-plug injector PPI is in particular in use to simulate the chemically eroded carbon by injection through micro holes. At TEXTOR, different injection systems, either integrated in limiters or in metallic tubes, have been applied in a flexible vacuum lock system [7] . ).
Though the toroidally homogeneity of the injection cloud is given in vertical configuration, a minor loss of particles into the inner divertor and to the pump duct of the outer divertor cannot be excluded and
= 55 is an upper limit. Similar values, but for lower T e were reported in previous experiments [14] .
At DIII-D the injection was into the scrape-off layer (SOL) (T e = 22.5eV, n e = 2.5 ·
) and
was determined to 40+/-11 [17] when normalised to the full band. At ASDEX Upgrade methane injection into the PFR and SOL for high density deuterium plasmas is well described [20] . The conversion factor related to the full CH with T e , as calculated with HYDKIN, is well reproduced, indicating both the reliability of the underlying database for the methane break-up chain and the general consistency of experimental results over a wide plasma parameter range. However, in detail the experimental data with graphite surrounding shows higher effective D/XB values, which means less light is observed than expected from HYDKIN. This discrepancy might be attributed to the simplified assumption of a constant plasma, to a loss of particles during the injection due to deposition or transport, or to changes in local conditions. For a more detailed comparison ERO calculations are needed which are here out of the scope.
Injection-induced re-erosion of higher hydrocarbons
The experimentally determined
shows no indication of enhancement due to an additional source in the presence of a graphite surrounding. However, experiments with CH 4 injection show an accompanying emission of C 2 light when the injection was through gas inlets surrounded by graphite or when graphite layers are present.
In fig.4 the time evolution of φ observed. The present understanding is: a fraction of the injected methane is locally deposited and immediately, with a high erosion rate re-eroded, substantially as higher hydrocarbon. In the consecutive discharge, apart from an increased emission during the strike-point formation no enhanced emission of C 2 light was observed. These observations are similar to experiments with the PPI [17] , where also an increase of φ
d−a with methane injection was measured. The C 2 light decreased in the subsequent discharges without injection. This dynamic process as well as the contribution of possible re-eroded methane to the CH light emission is a topic of present modelling with erosion deposition codes.
Hydrocarbon fluxes and erosion yields
Because of the limited space I confine myself on three examples, one which deals with the contribution of ethane to Y chem C , one which indicates the improved understanding of data analysis, and one which investigates the hydrocarbon flux in detached divertor plasmas.
The contribution of ethane to Y chem C in the JET outer divertor
In JET, calibration experiments were made in deuterium discharges (L-mode, T e = 25eV
and n e = 5.5·10 ) with circumferential puffing of ethene through an injection module (GIM10) located between the vertical plates of the outer divertor. The outer strike point was swept over the injection locations, thus C 2 H 4 was either injected in the near, the far SOL or in PFR [21] . A reference discharges with hydrogen injection was performed to match the plasma parameters. The injection through GIM10 into the scrape-off layer suffer from a gas bypass (∼ 25% loss), the non-homogeneity of the injection (≤ 40% of the expected gas reaches the observation volume) as well as from the cross-divertor transport (∼ 10% loss) when the outer strike point is positioned near to the injection location. This has been recently identified in tracer injection experiments with the outer-strike point portioned slightly below GIM10 by the analysis of the local deposited
13
C [22] . Analysis and simulations are ongoing to determine the exact portion of injected gas reaching the observation volume described in [14] . ions/s at a surface temperature of about 450K. This is essentially less than reported in [14] where the injection was in the PFR. However, it is still above the predictions for the erosion yield from [3] [4] which is for these conditions about 0.3%.
The total sputtering yield in TEXTOR
In TEXTOR a pre-heatable spherical graphite limiter was used to determine the erosion ) and pre-heated to 520 K before exposed to the plasma. Details on the applied spectroscopic systems and the experimental conditions can be found in [7] . Fig. 6a shows the behaviour of CD and D γ intensity, with variation of the bulk temperature under otherwise constant plasma parameters. Clearly, the decrease of CD intensity with higher surface temperatures and its complete absence at 1300 K can be observed [23] . Also indicated is the behaviour of deuterium molecules, which disturbed the A − X band spectrum and which were taken into account in the analysis [7] . However, above 1100 K an increase of the D γ intensity can also be observed. Deuterium starts to be directly released as atoms and not as molecules from the surface. The deuterium recycling flux can be obtained from the extrapolated D γ maximum value, where the release is pure atomic [7] . The intensity ratio of D γ from the maximum value to CD, multiplied with the ratio of the S/XB value for D γ taken from ADAS to = 3% in comparison to [23] . can be described as function of the measured CD and C 2 photon fluxes:
The correction of the apparent particle flux depends on φ
. Here, the correction for the erosion yield deduced from CD emission is about 1.1, whereas φ is of the order of 1.3, whereas β is about 1 and φ
Hydrocarbon flux in detached plasmas
The operational regime for the outer divertor in ITER is a detached plasma. Not much by a reduction of the eroded hydrocarbon particle flux when the plasma detaches.
Summary and conclusion
Passive emission spectroscopy was applied to determine effective photon efficiencies, hy- TEXTOR (23) JET (10) JET (10) AUG ( 
